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Abstract  

Cancer is a significant cause of mortality worldwide, including in Thailand. However, chemotherapy has serious side 

effects. Ongoing research on the compound 1'-acetoxychavicol acetate (ACA) has revealed various medicinal properties, 

including anticancer and anti-inflammatory activities. Although ACA has been found to affect cancer cell lines through 

different mechanisms, few reports have focused on its effectiveness against colorectal cancer cell lines. This research aims to 

determine the anticancer activities of ACA on the SW620 cell line. Anticancer activities, including anti-proliferation, anti-

migration, and anti-invasion, were evaluated using methylthiazolyldiphenyl-tetrazolium bromide (MTT), colony formation, 

scratch assays, invasion assays, and qRT-PCR. The results showed that ACA exhibited cytotoxic effects (IC50 values) and 

anti-proliferative activity in a dose-dependent manner. ACA also demonstrated anti-migration and anti-invasion activities in a 

dose-dependent manner. Additionally, the qRT-PCR results showed that ACA significantly decreased Kirsten rat sarcoma 

viral oncogene homolog (KRAS) gene expressions compared to the control group. ACA exhibits anti-proliferative, anti-

migratory, and anti-invasive activities in SW620 cells. These findings suggest the potential of ACA as a therapeutic agent and 

may provide insights that significantly advance our understanding of cancer biology and treatment. 
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1.  Introduction 

Cancer is a non-communicable disease (NCD) 

that has become the leading cause of mortality ( 

Horton, 2013; Ray & Pareek, 2023). The progression 

of cancer, which can take 10-20 years and often has a 

poor prognosis, leads to metastasis to distant organs 

(Mitry et al., 2010). A primary etiological factor in the 

development of malignant tumors is the loss of 

function in the Kirsten rat sarcoma viral oncogene 

homolog (KRAS) gene, a critical regulator of cell 

proliferation. Disruption of KRAS function can lead to 

dysregulated cell proliferation, characterized by rapid 

and uncontrolled cell growth, ultimately contributing 

to tumorigenesis (Iacopetta, 2003; Lamouille et al., 

2014). Cancer treatment typically encompasses 

surgical intervention, chemotherapy, radiation 

therapy, and targeted therapy, with the specific 

approach determined by the clinical context (Danaei 

et al., 2005). However, chemotherapy can have toxic 

effects on rapidly dividing cells, resulting in side 



KETKOMOL ET AL. 

JCST Vol. 15 No. 4, October-December 2025, Article 132 

2 

effects such as alopecia, nausea, vomiting, ulcers, 

mucositis, and drug resistance (Xu et al., 2020; Thiha & 

Sawasdipong, 2025). Therefore, addressing gaps or 

interruptions in cancer treatment regimens remains a 

significant challenge, necessitating improvements in 

current therapeutic strategies to optimize patient 

outcomes. 

Alpinia galanga (L.) Willd produces secondary 

metabolites, particularly 1′-acetoxychavicol acetate 

(ACA), found in its fresh rhizomes. This plant is used 

for cooking and traditional medicine (Xu et al., 2008). 

Reported medicinal properties of ACA include  

anti-inflammatory, anti-dementia, antimicrobial, 

antidiabetic, and anticancer activities (In et al., 2012). 

In colorectal adenocarcinoma, ACA at an IC50 of 

approximately 80 μM showed anti-proliferative 

activity in SW480 cells (Baradwaj et al., 2017). 

Previous research has demonstrated that ACA 

exhibits promising anticancer activity across various 

cancer types, often displaying synergistic effects with 

conventional chemotherapies in cervical carcinoma 

cells. Further studies elucidated ACA's mechanisms 

in breast cancer by inhibiting key oncogenic signaling 

pathways and cell cycle regulators, and in colorectal 

cancer by inducing apoptosis, cell cycle arrest, and 

DNA damage. Moreover, ACA has shown cytotoxic 

and pro-autophagic effects in lung cancer cells 

through a Beclin-1-independent pathway, indicating 

its potential to target diverse cellular mechanisms 

crucial to cancer progression (Nelson et al., 2020; 

Ketkomol et al., 2024). However, studies on the 

effects of ACA in colorectal cancer are still limited. 

 

2.  Objectives 

This study aims to evaluate the effects of ACA 

on the SW620 colorectal cancer cell line. 

 

3.  Materials and Methods 

3.1 Reagents and Materials 

1′-Acetoxychavicol acetate (ACA) (College of 

Pharmacy, Rangsit University, Thailand), ethanol, 

methanol, dimethyl sulfoxide (DMSO), Roswell Park 

Memorial Institute-1640 (RPMI-1640) medium 

(Sigma, USA), fetal bovine serum (FBS) (Sigma, USA), 

Trypan blue dye (Sigma, USA), paraformaldehyde 

(Sigma, USA), methylthiazolyldiphenyl-tetrazolium 

bromide (MTT), crystal violet, Matrigel basement 

membrane (Corning, USA), and penicillin/ 

streptomycin (Sigma, USA). 

 

 

 

3.2 Source of Activity Compound 

1′-Acetoxychavicol acetate (ACA) was isolated 

from fresh Alpinia galanga (L.) rhizomes in November 

2017. Furthermore, extraction and purification methods 

were developed and subsequently patented by Pradubyat 

and colleagues (Publication No. US 2002/0192262 A1) 

(Pradubyat et al., 2022). 

 

3.3 Cytotoxicity Activity 

The cytotoxic activity of ACA on the SW620 

cell line was evaluated using the MTT assay 

(Jongrungruangchok et al., 2023). SW620 cells were 

exposed to ACA at concentrations ranging from 10 to 

60 μM. For controls, 0.2% ethanol in RPMI complete 

medium served as the negative control, while cisplatin 

(Cis) was used as the positive control. Following 

treatment for 24 to 72 hours, MTT solution (0.45 mg/mL) 

was added to the cells. The resulting formazan crystals 

were dissolved in dimethyl sulfoxide (DMSO), and 

the relative number of viable cells was quantified by 

measuring absorbance at 570 nm. 

 
3.4 Colony Formation Assay 

To assess the long-term effects of ACA on cell 

proliferation, 2,000 SW620 cells were seeded into  

6-well plates and treated with ACA at non-toxic 

concentrations determined from the MTT assay. The 

cells were incubated for 7 days to allow colony 

formation. After incubation, colonies were fixed with 

3.7% paraformaldehyde for 20 minutes and subsequently 

stained with 0.1% crystal violet for 20 minutes to 

enable visualization and quantitative assessment of 

colony formation. 

 

3.5 Migration Assay 

To assess the effect of ACA on cell migration, 

a wound was created in a confluent monolayer  

of SW620 cells (2 × 10⁵) seeded in 6-well plates after 

overnight incubation, using a sterile 200 µL pipette 

tip. The cells were then washed with serum-free 

RPMI, and the medium was replaced with serum-free 

RPMI containing non-toxic concentrations of ACA. 

Cell migration into the wound area was monitored for 

48 hours. Wound closure was quantified by comparing 

the wound area at 0 and 48 hours using ImageJ software 

(Version 1.45). The percentage of wound closure was 

calculated as the ratio of the area covered by migrated 

cells to the initial wound area. 
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3.6 Transwell Migration Assay 

To assess the effect of ACA on cell migration 

and invasion, SW620 cells were sub-cultured at a 

density of 3 × 10⁴ cells/mL in serum-free medium and 

seeded into the upper chambers of Matrigel-coated 

transwell inserts. The cells in the upper chambers 

were treated with non-toxic concentrations of ACA. 

After incubation, the cells were fixed with 3.7% 

paraformaldehyde and stained with 0.1% crystal 

violet for 15 minutes. Non-invading cells remaining 

in the upper chamber were carefully removed, and the 

cells that had invaded through the Matrigel to the 

lower surface of the membrane were counted using an 

inverted microscope. 

 

3.7 Gene Expression Analysis 

To investigate the inhibitory effects of ACA on 

the expression of genes associated with cell 

proliferation, quantitative real-time PCR (qRT-PCR) 

was performed. SW620 cells were cultured in 6-well 

plates and treated with the indicated concentrations of 

ACA. After a 24-hour incubation, total RNA was 

extracted from the cells using the Total RNA Mini Kit 

(Geneaid, Taiwan) according to the manufacturer’s 

protocol. The extracted RNA was then reverse-

transcribed into complementary DNA (cDNA) using 

the iScript™  Select cDNA Synthesis Kit. qRT-PCR 

was performed using SYBR Green chemistry, with 

the synthesized cDNA as the template and specific 

primer pairs for the KRAS gene. Glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) was used as the 

housekeeping/reference gene for normalization, and 

data analysis was conducted using the ΔΔCt method. 

 

 

 

3.8 Statistical Analysis 

All data are presented as the mean ± standard 

error of the mean (SEM). Statistical hypotheses were 

tested using one-way analysis of variance (ANOVA), 

followed by Tukey's Honestly Significant Difference 

( HSD)  post hoc test for pairwise comparisons. 

Statistical significance was defined as *P < 0.05, **P 

< 0.01, ***P < 0.001, and ****P < 0.0001. All statistical 

analyses were performed using GraphPad Prism 9 

software.  All experimentation was performed in 

triplicates (n = 3). 

 

4.  Results 

4.1 Cytotoxicity and Anti-proliferation Activity 

This study investigated the effects of ACA and 

cisplatin on SW620 cell viability and proliferation 

using the MTT and colony formation assays, 

respectively. SW620 cells were exposed to various 

concentrations of ACA (0 to 60 µM) and cisplatin 

(1.25 to 30 µM) for 24 to 72 hours. The results showed 

no significant cytotoxicity in the control group. In 

contrast, treatment with both ACA and cisplatin led to 

a significant reduction in cell viability in a dose- and 

time-dependent manner. The calculated IC50 values 

for both compounds across the 24- to 72-hour 

treatment period, indicating growth inhibition, are 

presented in Figure 1 and Table 1. 

To further evaluate the anti-proliferative 

potential of ACA, a colony formation assay was 

performed. The results showed a significant reduction 

in both the number of colonies formed and the 

percentage of colony-forming ability following 

treatment with cisplatin (6–12 µM) and ACA (10–20 

µM). These findings indicate that both cisplatin and 

ACA possess significant anti-proliferative activity, as 

shown in Figure 2.  

 

Table 1 Cytotoxic activity (IC50) of ACA and cisplatin in SW620 cells 

Cell lines 
ACA (µM) Cisplatin (µM) 

IC50 (24 hours) IC50 (48 hours) IC50 (72 hours) IC50 (48 hours) 

SW620 53.15  ± 1.41*** 50.97  ± 0.51*** 40.23 ± 0.34 24.42 ± 1.10 

Values are expressed as the mean ± standard error of the mean (SEM) of three independent experiments. The triple asterisks (***) 

denote a statistically significant difference with a p-value of less than 0.001. 
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Figure 1 Cytotoxic Effects of ACA and Cisplatin on SW620 Cells. (a) Half-maximal inhibitory concentration (IC50) values 

of ACA in SW620 cells following 24, 48, and 72 hours of treatment. (b) Half-maximal inhibitory concentration (IC50) value 

of cisplatin in SW620 cells following 48 hours of treatment. Statistically significant differences compared to the control 

group were determined by statistical analysis (*P < 0.05, **P < 0.01, ***P < 0.001, and  

****P < 0.0001). All experiments were performed in triplicate (n = 3) 

 

4.2 Anti-migration Activity 

The wound healing assay revealed that ACA 

treatment significantly inhibited SW620 cell 

migration and wound closure in a dose-dependent 

manner. Notably, a marked reduction in cell migration 

was observed at the higher concentration of ACA (20 

µM) compared to the control group. These findings 

suggest that ACA effectively reduces the migratory 

capacity of SW620 cells, as shown in Figure 3. 

 

 

4.3 Anti-invasion Activity 

The effect of ACA on the invasive capacity of 

SW620 cells was evaluated using a Matrigel-coated 

transwell assay. The findings revealed a significant, 

dose-dependent reduction in the number of cells that 

invaded through the Matrigel barrier following 

treatment with ACA, as shown in Figure 4. These 

results strongly suggest that ACA possesses potent 

anti-invasive properties in colorectal cancer cells and 

warrant further investigation into its therapeutic 

potential.
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Figure 2 Anti-proliferative effects of ACA and cisplatin on SW620 colorectal cancer cells determined by the colony-

forming assay. Representative images of colonies formed under different treatment conditions: (a) untreated control, (b) 

cisplatin 6 µM, (c) cisplatin 12 µM, (d) ACA 10 µM, and (e) ACA 20 µM. Panel (f) shows the percentage of colony-forming 

ability after 7 days of treatment with cisplatin (6–12 µM) and ACA (10–20 µM). Data are presented as mean ± SEM, and 

statistical significance was determined relative to the control group (0.2% EtOH in RPMI). ***p < 0.0001. All experiments 

were conducted in triplicate (n = 3). Scale bars = 50 µm; images captured at 20× magnification 
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Figure 3 ACA inhibits SW620 cell migration in a wound-healing assay. Representative micrographs showing wound closure 

under different treatment conditions: (a) untreated control, (b) ACA 10 µM, and (c) ACA 20 µM at 0 h; (d) untreated 

control, (e) ACA 10 µM, and (f) ACA 20 µM at 48 h. Panel (g) illustrates the percentage of wound closure after 48 h of 

treatment with ACA (10–20 µM). Data are presented as mean ± SEM. *p < 0.05 compared with the control group. All 

experiments were conducted in triplicate (n = 3). Scale bars = 50 µm; images captured at 40× magnification 
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Control ACA 10 µM ACA 20 µM 
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Figure 4 Inhibition of SW620 cell invasion by ACA. Representative images of invaded cells: (a) untreated control, (b) treated 

with ACA 6.25 µM, (c) treated with ACA 12.5 µM, and (d) percentage of cell invasion after 48 hours of ACA exposure (6.25–

12.5 µM). All experiments were performed in triplicate (n = 3). Scale bar = 50 µm (20× magnification) 

 

(a) 

(d) 

(b) 

(c) 

Control ACA 6.25 µM 

 

ACA 12.5 µM 

Figure 5 KRAS gene expression in SW620 cells following 

ACA treatment. Relative KRAS mRNA levels in control and 

6.25 µM ACA-treated SW620 cells after 24 hours, as 

determined by qRT-PCR. Expression was normalized to the 

GAPDH gene. P < 0.05 compared to the control group. All 

experiments were performed in triplicate (n = 3) 
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4.4 Regulation of Gene Expression in Cancer Cells 

Given the involvement of KRAS in cell 

proliferation, we investigated whether the anti-

proliferative activity of ACA was mediated through 

modulation of KRAS gene expression. Quantitative 

real-time PCR analysis revealed that treatment of 

SW620 cells with ACA at a concentration of 6.25 µM 

(a non-toxic dose selected based on MTT assay data) 

resulted in a significant downregulation of KRAS 

mRNA levels, as shown in Figure 5. This finding 

suggests that inhibition of KRAS expression may 

contribute to the observed anti-proliferative effects  

of ACA. 

 

5.  Discussion 

Despite advancements in cancer therapies, 

cancer remains a leading cause of mortality, driving 

growing interest in natural compounds with potential 

anticancer properties, some of which have been 

historically used in traditional medicine. 1′-

Acetoxychavicol acetate (ACA), a phenylpropanoid 

found in Alpinia galanga (L.), has a long history of 

use in culinary and traditional practices across 

diverse cultures and is increasingly recognized for 

its potential in cancer treatment (Xu et al., 2008; 

Kojima-Yuasa et al., 2020). Notably, studies have 

reported that ACA is safe in non-cancerous cells, with 

concentrations up to 80 μM showing no adverse effects 

on human mammary epithelial cells (Phuah et al., 2013). 

Preclinical investigations have demonstrated  

that ACA can inhibit cell proliferation, induce 

apoptosis, and modulate various signaling pathways 

implicated in cancer progression. For instance, recent 

studies have shown significant reductions in colony 

formation and inhibition of migrationby ACA  

in human non-small cell lung cancer (Ketkomol et al., 

2024). Recognizing the limited data on colorectal 

cancer, this study investigated the anticancer activities 

of ACA on SW620 cells. Our findings revealed that 

ACA exerted concentration-dependent cytotoxic and 

anti-proliferative effects in these cells, as evidenced 

by MTT and colony formation assays. Furthermore, 

evaluation of anti-metastatic potential through 

migration and invasion assays demonstrated that ACA 

significantly reduced SW620 cell migration and 

inhibited invasion. 

Crucially, to gain insight into the underlying 

mechanisms, we examined the effect of ACA on the 

expression of KRAS, a key oncogene frequently 

mutated and overexpressed in colorectal cancer and 

known to drive cell proliferation and metastasis. Our 

quantitative real-time PCR analysis revealed a 

significant downregulation of KRAS mRNA levels in 

SW620 cells treated with a non-toxic concentration of 

6.25 μM ACA for 24 hours, as illustrated in Figure 5. 

This reduction in KRAS expression at the mRNA level 

suggests that ACA may exert its anti-proliferative and 

anti-metastatic effects, at least in part, by targeting 

this critical signaling node. 

KRAS encodes a small GTPase involved in 

numerous downstream pathways, including the 

MAPK and PI3K-AKT pathways, which are central to 

cell growth, differentiation, and survival (Bertotti et 

al., 2015; Aiello et al., 2019). Downregulation of 

KRAS can therefore have broad impacts on tumor cell 

behavior. Our finding aligns with the observed 

reductions in proliferation, migration, and invasion, 

suggesting a potential mechanistic link. KRAS is a 

particularly attractive therapeutic target due to its high 

prevalence in various malignancies, including 

colorectal cancer, where its dysregulation is often 

associated with aggressive disease and resistance to 

conventional therapies. While direct targeting of 

mutant KRAS has historically been challenging, 

modulating its upstream regulators or overall 

expression levels represents a promising alternative 

strategy. 

Our data indicates that ACA may represent 

such a modulator, offering a potential avenue for 

therapeutic intervention in KRAS-driven colorectal 

cancers. These findings highlight the potential of 

ACA as a therapeutic agent against colorectal cancer, 

warranting further in-depth investigation into its 

mechanisms of action, including its effects on 

downstream KRAS signaling pathways, and its 

translational applications (Pradubyat et al., 2022). 

 

6.  Conclusion 

The findings of this research strongly suggest 

that ACA exhibits significant anticancer activity 

against SW620 colorectal cancer cells. Future studies 

focused on preclinical validation and translational 

efforts are essential to determine the clinical potential 

of ACA in combating this prevalent disease. 

 

7.  List of Abbreviations 

ACA 1'-acetoxychavicol acetate 

ANOVA analysis of variance 

cDNA complementary DNA 

Cis cisplatin 

Ct cycle threshold 

DMSO dimethyl sulfoxide 

FBS fetal bovine serum 

GAPDH Glyceraldehyde 3-phosphate dehydrogenase 
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HSD Honestly Significant Difference 

IC50 Half-maximal inhibitory concentration 

KRAS Kirsten rat sarcoma viral oncogene 

homolog 

MTT methylthiazolyldiphenyl-tetrazolium 

bromide 

NCD non-communicable disease 

qRT-PCR quantitative real-time PCR 

RPMI Roswell Park Memorial Institute-1640 

SEM standard error of the mean 
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